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0 Modified multi-path detector. 

0 In the receiver 1 shown in fig. 1 and comprising 
a multi-path detector 2, the detector 2 comprises a 
frequency noise peak detector 11, an AM-detector 
1 2 and a weighting . circuit 29 connected to the 
detectors 11 and 12. When noise peaks and am- 
plitude modulations occur in an antenna input signal 
selected by a diversity switch 4 on account of a 
control signal of the weighting circuit 29 one of the 
antennas 3-1 to 3-n is switched to. The switching is 
audible to an annoying degree and should be limit- 
ed. 

By inserting a threshold arrangement (31 , 32) in 
the detector 11 . by means of a low-pass filter 31 and 
a rectifier circuit 32, an instantaneous threshold voit- 
^ age is generated varying with the frequency swing of 
"the modulating signal. When using this instanta- 
^neous threshold voltage it is achieved on the one 
*"hand that with a large swing, corresponding with a 
^ large amplitude of the modulating signal, switching is 
audible to a less annoying degree. On the other 
1^! hand, at moments when the modulating signal has a 
small amplitude, switching may and can take place 
®more frequently as it less audible because of the 
d, small amplitude of the modulating signal. 
Ill Improved reliability on detecting multi-path dis- 
tortion is achieved by also supplying the instanta- 
neous threshold voltage to the AM-detector 12. 
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Modified multi-path detector. 



The invention relates to a receiver for an- 
glemodulated signals, coming from one or a plural- 
ity of antennas, comprising a diversity switch hav- 
ing a signal input connected to at least one an- 
tenna, a signal output and a control input for select- 
ing at the signal output an angle-modulated signal 
by means of a control signal on the control input, 
and comprising a multi-path detector coupled to 
the signal output and connected to the control input 
for supplying the control signal to the control input 
when the multi-path detector detects multi-path dis- 
tortion in the selected signal, the multi-path detec- 
tor comprising a threshold arrangement coupled to 
the output of the diversity switch for generating a 
threshold voltage having an amplitude value de- 
pending on the frequency swing of the an- 
glemodulated signal, and being arranged such that 
the variation of the sensitivity for detecting multi- 
path distortion corresponds to the variation of the 
threshold amplitude value. 

Such a multi-path detector suitable for use in 
space diversity receivers, for example, is known 
from the European Patent Specification 141 218. 
Such receivers are designed as FM receivers, for 
example, and coupled to a plurality of interspaced 
antennas. Depending on the multi-path distortion of 
art input signal received on an antenna the receiver 
is switched to one or a plurality of other antennas 
with the aid of the multi-path detector for receiving 
an input signal having a lower multi-path distortion. 
Known multi-path detectors comprise an AM-detec- 
tor and/or a frequency disturbance peak detector. 
In the abovementioned European Patent Specifica- 
tion multi-path distortion is detected at simulta- 
neously occurring sharp amplitude minimums and 
frequency disturbance peaks in the input signal. 

The above publication likewise discloses that it 
is possible to have the variation of the sensitivity of 
the multi-path detector depend on the amplitude 
value of the threshold voltage for detecting multi- 
path distortion, so that only when the signal repre- 
senting multi-path distortion exceeds the threshold 
value, switching over can be effected. This thresh- 
old voltage can depend on the mean frequency 
swing and thus vary gradually. Switching, taking 
place after detecting of multi-path distortion, gen- 
erally causes amplitude and phase-jumps in the 
high-frequency signal. In audio FM-receivers am- 
plitude jumps will then arise in the audio signal, 
which are discernible to an annoying degree to the 
human ear, more specifically due to its great sen- 
sitivity to such jumps. 

The object of the invention is to realise a 
receiver in which the discernible impact on the 
audio signal, audible to an annoying degree and 



occurring when a different received signal is" 
switched to is reduced. 

Thereto the receiver in accordance with the 
invention is characterized in that the threshold volt- 
s age has an amplitude value instantaneously varying 
with the frequency swing of the angle-modulated 
signal, and in that the variation of the sensitivity of 
the multi-path detector instantaneously corre- 
sponds to the variation of the amplitude value of 

w the threshold voltage. As the threshold voltage im- 
mediately varies with the frequency swing and not 
after some time has elapsed as with the known 
receiver, it is achieved that when the angle-modu- 
lated signal shows a slight swing, at zero-crossings 

rs of the demodulated audio signal, that is the sen- 
sitivity to noise peaks during the detection of mul- 
tipath distortion will be larger than the sensitivity to 
corresponding noise N peaks when the angle-moun- 
ted signal shows a large swing, so at large am- 

20 plitudes of the audio signal. Accordingly, on the 
other hand it will be more likely to switch at zero- 
crossings of the audio signal than at large am- 
plitudes of the audio signal when multi-path distor- 
tion has been detected. The latter switching is 

25 advantageous in that the receiver is enabled to 
search for input signals having a lower multi-path 
distortion, but without this leading to an annoying 
audible impact on the quality of the audio signal 
due to switching taking place at the aforesaid zero- 

30 crossing. On the other hand, however, at moments 
when the angle-modulated signal instantaneously 
has a large swing, the level of the noise peaks 
should exceed the threshold voltage value varying 
with the large swing so as to detect multi-path 

55 distortion successfully. Exceeding the threshold 
voltage value will limit the highly annoying audible 
effect of the switching especially at a large in- 
stantaneous audio amplitude. 

More specifically, in automobile receivers the 

40 available selectively filters have a limited band- 
width, so as to let the transmitter frequencies lying 
close together cause the least possible disturbance 
to each other on reception. Consequently, at a 
larger swing in the received angle-modulated sig- 

45 nal, amplitude-modulations have frequency noise 
peaks are produced in the receiver due to this 
limited bandwidth, which are detected as multi-path 
distortion by the multi-path detector. The multi-path 
detector in the receiver erroneously responding to 

so this and switching is likewise reduced, as the latter 
noise peaks have to exceed the instantaneous val- 
ues of the equivalents large threshold voltage in 
order to successfully detect multi-path distortion. 
However, on detection of considerable multi-path 
distortion in the angle-modulated signal, with the 
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level of the noise peaks exceeding the value of the 
threshold voltage, the multi-path detector will re- 
spond indeed. 

In a first embodiment of the receiver, in which 
the multi-path detector comprises a comparator 
circuit having two inputs, of which a first input is 
designed for supplying a signal which depends on 
the extend of multi-path distortion in the selected 
angle-modulated signal, the receiver in accordance 
with the invention is characterized in that the 
threshold arrangement is composed of a series 
arrangement coupled to the intermediate-frequency 
section of the receiver, this series arrangement 
comprising a low-pass filter and a rectifier circuit 
and an output connected to the second input of the 
comparator circuit 

The advantage of this embodiment of the re- 
ceiver is that the instantaneous valuing of the 
threshold voltage can be carried out when a multi- 
path detector with a frequency noise-peak detector, 
or a multi-path detector with an AM detector is 
used or when both are used. 

A second simple embodiment of the receiver in 
accordance with the invention wherein the multi- 
path detector comprises a frequency noise peak 
detector, is characterized in that the output of the 
frequency noise peak detector is connected to the 
first input of the comparator circuit. 

A third simple embodiment of the receiver in 
accordance with the invention wherein the multi- 
path detector comprises an AM-detector is char- 
acterized in that the output of the AM-detector is 
connected to the first input of the comparator cir- 
cuit. 

The invention further relates to a multi-path 
detector to be used in the receiver. 

The invention and its advantages will further 
discussed with reference to the following diagram 
wherein: 

Fig. 1: shows embodiments of a receiver in 
accordance with the invention; 
and 

Fig. 2: shows a graph of possible shapes of 
the signals occuring in the receiver as shown in fig. 
1 . represented as a function of time. 

The receiver 1 shown in fig. 1 comprises a 
multi-path detector 2 for detecting a multi-path 
distortion in received angle-modulated input sig- 
nals. Such a receiver 1 . wherein generally a plural- 
ity of spaced antennas 3-1 to 3-n are used, is 
designated space-diversity receiver. The receiver 1 
comprises a diversity switch 4 having a signal input 
40, to which antennas 3-1 to 3-n are connected. A 
control signal to control input 5 of the diversity 
switch 4 causes a switching over from the one 
antenna to the other, or if so desired from a com- 
bination of antennas or to a combination of anten- 
nas. In the latter case, for example, the sum signal 



and/or the difference signals are formed from the 
combinations of input signals and one of these 
signals is further processed as a selected input 
signal in the receiver 1 . If the receiver 1 comprises 

5 a diversity switch 4 to which one antenna 3-1 is 
connected, switching to an other input signal is 
effected, for example, by changing the direction in 
which antenna 3-1 is mainly sensitive to electro- 
magnetic waves. In the latter case, for example, the 

w diversity switch 4 additionally switches part of the 
antenna 3-1 to a further, part of the antenna 3-1 
already connected to. the diversity switch 4. This is 
advantageous in that a twin-conductor combination 
between the antenna 3-1 and the diversity switch 4 

is will then suffice. 

The receiver 1 comprises a high-frequency 
mixing unit 6, to which the selected input signal is 
applied, and which further comprises successively 
interconnected: an intermediate-frequency section 

20 7, a demodulator 8, a low-frequency amplifier 9 
and in cases where receiver 1 is designed as an 
audio receiver, a loudspeaker 10. For receiving 
angle-modulated input signals, in the form of fre- 
quency or phase-modulated input signals, the de- 

25 modulator 8 is designed as a frequency or phase- 
demodulator. 

The shown multi-path detector 2 comprises a 
frequency noise peak detector 11 and/or an AM 
detector 12. In figure 1 the detector 11 is con- 

30 nected to the demodulator 8 and the AM detector 
12 is connected to the intermediate-frequency sec- 
tion 7. The frequency noise peak detector 11 has 
an output 13 to which a noise peak signal is 
applied, as will be explained hereinafter. This signal 

35 is produced when detector 11 detects multi-path 
distortion in the form of noise peaks in the received 
angle-modulated input signal. The signal indicating 
the noise peaks can be applied directly to the 
control input 5 of the diversity switch 4 in a way 

40 not shown in the figure. The AM-detector 12 has an 
output 14 to which an AM-indication signal is ap- 
plied when the AM-detector 12 detects multi-path 
distortion in the form of amplitude modulations in 
the received angle-modulated input signal. The 

45 AM-indication signal can likewise be applied di- 
rectly to the control input 5 of the diversity switch 4 
in a way not shown in the figure. 

The noise peak detector 1 1 successively com- 
prises a series arrangement composed of a band- 
so pass filter 15, a high-pass filter 16, a rectifier circuit 
17, a summing circuit 18 and a comparator circuit 
19 for supplying a bivalent noise peak indication 
signal to the indication output 13. The comparator 
circuit 19 comprises inputs 20 and 21. The input 20 

55 is connected to the summing output of the sum- 
ming circuit 18 and in the figure input 21 is coup- 
led via a summing circuit 33 to a terminal 22 to 
which a direct voltage source can be connected 
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which is not shown, for supplying a threshold bias 
voltage. The bandpass filter 15, connected to the 
demodulator 8 in the figure, has a passband ex- 
ceeding the bandwidth of the received angle-modu- 
lated signal and ranging from the example 15 Hz to 
approximately 200 kHz. The portion of this signal 
exceeding, for example, 50 to 60 kHz is allowed to 
pass through the high-pass filter 16 and is subse- 
quently rectified by the rectifier circuit 17. At the 
moments when the angle-modulated signal is sub- 
jected to multi-path distortion the rectified signal 
supplied to the summing circuit 18 will show noise 
peaks which are commonly known. At the moments 
when the level of the noise peaks on input 20 
exceeds the level of the bias voltage on input 21. 
the comparator circuit 19 supplies the signal in- 
dicating the noise peak to the output 13. 

The AM-detector 12 comprises an amplitude 
demodulator 23. connected to the intermediate- 
frequency section 7 in the figure, a band-pass filter 
24 connected in series to the demodulator and a 
comparator circuit 25. The comparator circuit 25 
has two inputs 26 and 27. In the figure the input 26 
is coupled to the band-pass filter 24 via a summing 
circuit 39, and via a summing circuit 34 input 27 is 
coupled to a terminal 28 to which a direct voltage 
source which is not shown, can be connected for 
supplying a threshold bias voltage. The pass-band 
of the bandpass filter 24 covers an area wherein 
the frequency components are present of the am- 
plitude modulations caused by muiti-path distortion. 
The pass-band, for example, ranges from 5 Hz to 
50 kHz. At moments when the value of the am- 
plitude modulation exceeds the value of the bias 
voltage on the input 27, the comparator circuit 25 
will supply the AM-indication signal to output 14. 

When using the two detectors 11 and 12, the 
multi-path detector 2, as shown in the figure, com- 
prises a weighting circuit 29 connected to the two 
detectors, for supplying the control signal to the 
control input 5 solely incases when the two indica- 
tion signals are simultaneous. The weighting circuit 
29 is then designed as an AND-gate circuit 30 
connected to the indication outputs 13 and 14, the 
gate circuit in its turn connected to the control 
input 5 of diversity switch 4. 

The following should be observed as to the 
requirements which a diversity receiver has to 
meet with respect to switching properly. On the 
one- hand this switching should be limited as it is 
audible in loudspeaker 10 in most cases due to the 
associated amplitude jumps in the audio signal. 
More specifically, switching should be limited more 
as the quality of the receiver signal is better. This 
is in line with the understanding that the maximum 
permissible switching frequency above which the 
switching is audible to an annoying degree will 
decrease according as the received signal has a 



better signal-to-noise ratio on the other hand, 1 
switching should not be done too little as in that 
case the multi-path distortion of the selected input 
signal itself will be audible to an annoying degree. 

5 Another aspect relates to the reliability with which a 
multi-path distortion is detected; the susceptibility 
to noise pulses of the multipath detector. More 
specifically, the periodic noise pulses, but also the 
periodic switching appear to be most annoying in 

10 practice. In receiver 1 the detection of multi-path 
distortion and the subsequent switching is realised 
in a way in which the annoying audible impact of 
switching on the quality of the audio signal is 
limited. 

is Thereto the frequency noise peak detector 11 
of the receiver 1 comprises a threshold arrange- 
ment (31, 32) for producing a threshold voltage 
having an . instantaneous value varying with the 
frequency swing of the angle-modulated signal, ■ 
20 wherein the noise peak indication signal is pro- 
duced when the instantaneous value of the thresh- 
old voltage is exceeded by the amplitude of the 
noise peaks. A threshold arrangement (31, 32) is 
shown in the figure by way of a simple embodi- 
25 ment of a low-pass filter 31 connected to the band- 
pass filter 15 and connected in series to rectifier 
circuit 32, the latter being connected to the sum- 
ming circuit 33. If so desired the low-pass filter 31 
and the rectifier circuit 32 can be interchanged. In 
30 the embodiment shown the input 21 is connected 
to the sum output of the summing circuit 33, whilst 
the terminal 22 is connected to the summing circuit 
33. The cross-over frequency of the low-pass filter 
31, for example, is situated at 5 kHz, so that the 
35 low-frequency components of the audio signal are 
allowed to pass through the filter 31. Thus, the 
output signal of the rectifier circuit 32 applied to 
the summing circuit 33 and hence the threshold 
voltage on input 21 instantaneously vary with the 
40 rectified instantaneous swing of the modulating 
audio signal. The instantaneous threshold voltage 
on input 21 , having a varying value, is represented 
in fig. 2 by the letter STO. The consequence of this 
instantaneous variation of value is that at a slight 
45 swing of the angle-modulated signal, thus at zero- 
crossings of the demodulated audio signal, the 
susceptibility to noise peaks on detection of the 
multi-path distortion is larger than the susceptibility 
to associated noise peaks at a large swing of the 
so angle-modulated signal, thus at large amplitudes of 
the audio signal. Accordingly, on the one hand 
switching is more likely to take place after detect- 
ing multi-path distortion at zero crossings of the 
audio signal than at large amplitudes of the audio 
55 signal. The advantage is that this enhanced switch- 
ing rate enables the receiver 1 to search for re- 
ceived signals having a lower multi-path distortion, 
but without this leading to an audible deterioration 
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of the quality of the audio signal as a result of 
switching at the aforesaid zero crossings. On the 
other hand, for successfully detecting multi-path 
distortion at instants at which the angle-modulated 
signals shows a large swing, the level of the noise 
peaks has to exceed the instantaneous value of the 
threshold voltage on input 21 varying with the large 
swing. Consequently, audible switching is limited 
specially at a large audio amplitude. This matter 
will further be explained with reference to Fig. 2. 

The matter of limiting the switching operations 
at a large swing of the angle-modulated signal 
takes on an additional meaning when considering 
the problem of noise peaks occuring in the angle- 
modulated signal, for example in the case of noise 
due to overdemodulation, which peaks are caused 
by the limited bandwidth of an automobile radio, 
more specifically, a bandwidth of the selectivity 
filters generally available in the receiver 1 , such as, 
for example, those available in the high-frequency 
mixing unit 6 or the intermediate-frequency section 
7. 

Erroneously responding to this disturbance by 
the multipath detector 2 in the receiver 1 and 
switching is limited, as the instantaneous value of 
the accordingly large threshold voltage has to be 
exceeded by the latter noise peaks so as to suc- 
cessfully detect multi-path distortion. When detect- 
ing considerable multi-path distortion of the angle- 
modulated signal, though, with the level of the 
noise peaks rising above the value of the threshold 
voltage for a longer period of time, the multi-path 
detector 2 does respond. 

Fig. 2 shows a graphical representation of the 
matter described hereinbefore. The letters STW in 
this figure represent the noise peak signal at the 
input 20 of the comparator circuit 19. This figure 
further shows examples of different types of noise 
peaks explained hereinbefore, in which: 

A represents the noise peaks originating in 
the receiver 1 itself due to the aforementioned 
limited bandwidth of the selectivity filters. The fig- 
ure shows that the frequency noise peak detector 
11 does not respond to this as the level of these 
noise peaks at the instant shown does not rise 
above the instantaneous value of the threshold 
voltage STO; 

Brepresents the noise peaks caused by con- 
siderable multi-path distortion, which peaks cause 
the frequency noise peak detector 1 1 to respond; 
and 

C represents the noise peaks having a rela- 
tively small amplitude, which are detected because 
of this small amplitude of the audio signal STO 
shown in the figure and to which the frequency 
noise peak detector 1 1 does respond. However, as 
the instantaneous swing and consequently the in- 
stantaneous amplitude of the demodulated audio 



signal are small, switching at this moment will 
result in a less annoying and less audible switching 
of the receiver 1 . 

In the embodiment shown the output signal of 

5 the rectifier circuit 32 is likewise applied to a sum- 
ming circuit 34 comprised in the AM-detector 12. 
The terminal 28 is then likewise connected to the 
summing circuit 34. The output of the summing 
circuit 34 is then connected to the input 27 of the 

w comparator circuit 25. Thus, the value of a further 
threshold voltage on the input 27 shows an in- 
stantaneous variation with the rectified instanta- 
neous swing of the modulating audio signal. If the 
value of the further threshold voltage is exceeded 

75 as a result of the amplitude modulations at the 
output of the band-pass filter 24, the comparator 
circuit 25 will supply the AM-indication signal to the 
indication output 14. The detection of multi-path 
distortion, more specifically, by means of the two 

20 instantaneous threshold voltages will add to detect- 
ing multi-path distortion in a reliable manner, there- 
by avoiding unnecessary switching as a result of 
noise pulses being wrongly considered multi-path 
distortion. 

35 The embodiment of the receiver 1 represented 
in the figure further comprises two feedback cir- 
cuits (35, 38) and (37, 38). The first feedback 
circuit (35, 36) in the noise peak detector 11 
switched between the indication output 13 and the 

30 summing circuit 18, comprises the series arrange- 
ment of a rectifier circuit 35, with a low-pass filter 
36. The second feedback circuit (37, 38), in the 
AM-detector 12 switched between the indication 
output 14 and the input 26 of the comparator circuit 

35 25, comprises the series arrangement of a rectifier 
circuit 37 with a low-pass filter 38 and another 
summing circuit 39. The band-pass filter 24 is then 
connected to the (-) input of the summing circuit 
39. The reason for using these circuits is the wish 

40 to get the switching behaviour more in line with the 
above inventive idea, that the maximum permis- 
sible switching frequency above which switching is 
audible to an annoying degree decreases accord- 
ing as the received signal has a better signal-to- 

45 noise ratio. Thereto the cross-over frequency of the 
low-pass filter 36 is, for example, 250 Hz and the 
cross-over frequency of the low-pass filter 38 is. for 
example. 5 Hz. By thus inserting the circuits, (35, 
36) and (37, 38), it is achieved that each time the 

so indication signals appear at the outputs 13 and 14 
of the comparator circuits 19 and 25 the integrating 
effect of the low-pass filters 36 and 38 affect the 
voltage values on the inputs 20 and 26 such that 
switching takes place according to this inventive 

55 idea. 
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Claims 

1. A receiver for angle-modulated signals, com- 
ing from one or a plurality of antennas, comprising 
a diversity switch having a signal input connected 5 
to at least one antenna, a signal output and a 
control input for selecting at the signal output an 
angle-modulated signal by means of a control sig- 
nal on the control input, and comprising a multi- 
path detector coupled to the signal output and 10 
connected to the control input for supplying the 
control signal to the control input when the multi- 
path detector detects multi-path distortion in the 
selected signal, the multi-path detector comprising 
a threshold arrangement coupled to the output of is 
the diversity switch for generating a threshold volt- 
age having an amplitude value depending on the 
frequency swing of the angle-modulated signal, and 
being arranged such that the variation of the sen- 
sitivity, for detecting multi-path distortion, corre- 20 
sponds to the variation of the amplitude 'value of 
the threshold voltage, characterized in that the 
threshold voltage has an amplitude value instanta- 
neously varying with the frequency swing of the 
angle-modulated signal, and in that the variation of 25 
the sensitivity of the multi-path detector instanta- 
neously corresponds to the variation of the am- 
plitude value of the threshold voltage. 

2. A receiver as claimed in Claim 1, in which 

the multi-path detector comprises a comparator 30 
circuit having two inputs, of which a first input is 
designed for supplying a signal which depends on 
the extent of multi-path distortion in the selected 
angle-modulated signal, characterized in that the 
threshold arrangement is composed of a series 35 
arrangement coupled to the intermediate frequency 
section of the receiver, this series arrangement 
comprising a low-pass filter and a rectifier circuit 
and an output connected to the second input of the 
comparator circuit. 40 

3. A receiver as claimed in Claim 2, wherein 
the multi-path detector comprises a frequency 
noise peak detector, characterized in that the out- 
put of the frequency noise peak detector is con- 
nected to the first input of the comparator circuit. 45 

4. A receiver as claimed in Claim 2, wherein 
the multi-path detector comprises an AM-detector, 
characterized in that the output of the AM-detector 
is connected to the first input of the comparator 
circuit. 5C 

5. A multi-path detector to be used in a re- 
ceiver as claimed in any one of the preceding 
Claims. 
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